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Aim
To study determinants of adherence in young asthmatic children over a 3-month period, including the role of parental illness and medication perceptions as determinants of adherence. Methods Consecutive 2-6-yr-old children with asthma, using inhaled corticosteroids (ICS), followed-up at our paediatric asthma clinic (where patients are being extensively trained in self-management, and are followed-up closely) were enrolled. Adherence was measured electronically using a Smartinhaler ® and calculated as a percentage of the prescribed dose. We examined the association of adherence to a range of putative determinants, including clinical characteristics and parental perceptions about illness and medication. Results Median (interquartile range) adherence, measured over 3 months in 93 children, was 92% (76-97%), and most children had well controlled asthma. 94% of parents expressed the view that giving ICS to their child would protect him/her from becoming worse. Adherence was significantly associated with asthma control and with parental perceptions about medication.
Conclusion
The high adherence rate observed in our study was associated with parental perceptions about ICS need. The high perceived need of ICS may probably be ascribed to the organisation of asthma care (with repeated tailored education and close follow-up).
INTRODUCTION
Adherence to maintenance therapy is of key importance in determining the success of treatment of chronic diseases, such as childhood asthma. 1, 2 Adherence to maintenance treatment, however, is poor, and this is a major cause of uncontrolled asthma. 1, 3, 4 Improving adherence to inhaled corticosteroids (ICS) in children with asthma is probably the most effective method through which health care providers can reduce the burden of uncontrolled asthma. 1 In contrast with the common belief among healthcare providers, parental asthma knowledge is hardly associated with adherence, and isolated educational efforts to improve asthma knowledge are ineffective in improving adherence. 1, 5 Socio-demographic factors and the severity of asthma are also of little importance in determining adherence to maintenance treatment in this disorder. 1 Conversely, although adherence to ICS is notoriously poor among the urban-ethnic minority youth in the USA, with adherence rates between 37 and 50%, high adherence can be achieved, even in such underprivileged populations, when patients are repeatedly educated about self-managing their chronic disorder and followed-up closely. 6, 7 This suggests that it is not the education per se, but rather the intensity, quality and frequency of education about self-management and follow-up that help to improve adherence. Studies aimed at interventions to improve physician-patient communication have shown better adherence and asthma control in children and adults with asthma. 8, 9 The association between such interventions and adherence maybe partially mediated by parental and patient's illness and medication perceptions. Patients (and parents of paediatric patients) create their own personal cognitive representations of their illness, including beliefs about what may have caused the illness, the consequences the illness will have on their lives, how long the illness will last and whether or not it is controllable or curable. The cognitive and emotional representations of symptoms and illnesses are called illness perceptions. 10 Similarly, medication perceptions comprise the patient's (or parent's) cognitive and emotional representations of the medication prescribed; including method of action, desired effects and side effects. 11 Studies in adults have
shown that perceptions about illness and mediation are important drivers of adherence. However, in childhood asthma care, the association between illness/medication perceptions and adherence has only been examined in qualitative or cross-sectional studies, and the importance of such perceptions as determinants of ICS adherence has not been studied in a quantitative fashion. Although asthma is very common in preschool children, only a few studies examined adherence to maintenance therapy and its determinants in this age group. 1, [11] [12] [13] [14] [15] Most of these studies did not focus exclusively on young children, only two used electronic adherence monitoring, and parental illness and medication perceptions received little attention. We designed this study to assess adherence, measured electronically, and its determinants, in children aged 2-6 yrs with asthma during close follow-up in a paediatric asthma outpatient clinic. We hypothesized that adherence to ICS maintenance treatment in these patients would be associated with parental perceptions about illness and medication.
METHODS
For this study the parents of all children aged 2-6 yrs with asthma, and currently treated with ICS, attending the Amalia Children's clinic (Zwolle, the Netherlands) for regular follow-up, were asked to participate in the study. All children had a doctor's diagnosis of asthma based on more than three recurrent episodes of wheezing and dyspnoea, and all were referred to our clinic by their general practitioner because of troublesome, severe, or frequent symptoms. In our clinic, we prescribe ICS to children with asthma as daily controller therapy, in accordance with the Dutch national guidelines on paediatric asthma, which are adapted from the Global Initiative for Asthma guidelines. 2 Education and follow-up focuses on building and maintaining a strong partnership with patients and parents. We provide repeated tailored asthma self-management education, discuss parents' perceptions about asthma and its treatment, ensure concordance on treatment (goals) with parents, train correct inhalation technique and stress the importance of adherence to daily ICS treatment. 16 To achieve this, patients and their parents visit the clinic four to six times during their first year of follow-up, and two to four times per year afterwards. Exclusion criteria were limited knowledge of the Dutch language and severe comorbidity. We collected clinical and demographic data by structured interview and chart review. Lung function was assessed before and after inhaling salbutamol 400 µg: flow-volume curves in children 5 yrs of age and older, and resistance of the respiratory system measured by the interrupter technique was used for children < 5 yrs of age (Microrint ® ), according to European Respiratory Society/ American Thoracic Society guidelines. 17 Results were expressed as Z-scores. Upon entry into the study, a number of validated questionnaires were applied; details including references are presented in the online depository. Parental illness perceptions were assessed by the Brief Illness Perception Questionnaire (B-IPQ), and medication perceptions by the Beliefs about Medicines Questionnaire (BMQ), which also provides the balance between parent-perceived necessity and concerns about ICS, and the Treatment Satisfaction Questionnaire for Medication (TSQM). 11, 18, 19 In addition, we applied the I Worry scale, which scored parental worries about their child having asthma and using daily ICS; the Medication Adherence Report Scale (MARS), which assessed self-reported adherence; the Satisfaction with Information about Medicines Scale (SIMS), the Paediatric Asthma Caregiver Quality Of Life questionnaire (PAC-QOL), and an asthma knowledge questionnaire. Asthma control was assessed by a parent-completed Asthma Control Questionnaire (ACQ). 20 The attending physician rated asthma control on a visual analogue scale ranging from 0 (worst asthma control possible) to 10 (complete asthma control) at a 3 month follow-up visit. Patients used ICS by metered dose inhaler/ spacer combination during the 3-month follow-up period. Adherence was monitored by Smartinhaler ® , a validated electronic device logging date and time of each ICS actuation. 21 
Analysis
Adherence was calculated as the number of Smartinhaler-recorded inhaled doses expressed as a percentage of the number of doses prescribed, and censored at 100% of the prescribed dose. We assessed the association of ICS adherence (both as a continuous variable and dichotomized as good (>80%) and poor (< 80%) adherence of prescribed doses used) to all putative determinants (defined a priori with a focus on parental perceptions about illness and medication) in non-parametric univariate analyses (because adherence had a highly skewed distribution). 12 We chose to refrain from adjustments for multiple comparisons because of the exploratory and observational nature of our study.
Ethical considerations.
This study was approved by the hospital ethics review board and all parents provided written informed consent.
RESULTS
Out of a total of 137 consecutive eligible patients, 103 children (75%) entered the study after informed consent was obtained, and 93 children (90% of those enrolled) completed the 3 month follow-up (figure 1). Most parents who did not participate in or withdrew their child from the study did so because of serious illness in a family member or other pressing circumstances. Clinical characteristics of participating and non-participating children were comparable (table 1). Most participating children had well controlled asthma while on ICS maintenance therapy. Reliable and reproducible lung function results could be recorded in 66 (71%) children, and sensitisation to inhalant allergens was available for 86 children (table 1).
Figure 1. Inclusion of patients
137 eligible patients (aged 2-6 yrs, chronic persistent asthma, using inhaled corticosteroids) 13 children were not eligible: severe comorbidity (n=2), problems with understanding Dutch language (n=4), remission of asthma (n=3), using devices not compatible with the Smartinhaler® (n=4) 124 children asked to participate Parents of 21 children declined participation; most common reason was being too busy 103 patients enrolled 10 children were lost to follow-up: physician stopped or prescribed other maintenance medication (n=5), moved to other area (n=2), withdrawn by parents (n=3) 93 children completed follow-up The frequency distribution of adherence to daily ICS is presented in figure 2 . Median (interquartile range (IQR)) adherence was 92% (76% to 97%). Sixty-seven children (72%) had good adherence (>80% of prescribed dosages); adherence rates below 60% were recorded in only eight (9%) children (figure 2). There was a small, non-significant decrease in adherence from the first to the third months of follow-up (median (IQR) -1% (-8% to 1%); p=0.483). Adherence rates were comparable between children aged 2-4 yrs (median 92%) and children aged 5-6 yrs (median 92%, p= 0.899).
The association of adherence to the individual item responses on each questionnaire is presented in the online depository. Parental perceptions about illness were not associated with adherence, but perceptions about medications were. Parents who believed that ICS maintenance treatment is needed for their child's health, those who viewed ICS administration as convenient, and those who expected little harm of medicines in general had higher adherence rates to ICS (table 2) . The other putative determinants that showed significant (p<0.05) or near-significant (p<0.1) association to adherence are presented in table 3. Not unexpectedly, parental self-reported adherence (as assessed by MARS) was strongly related to electronically measured adherence. In addition, good asthma control was positively related to adherence measured electronically. Parental characteristics such as educational level, asthma knowledge and smoking habits were not significantly associated with adherence.
For 84 (93%) parents, BMQ scores indicated that the perceived necessity outweighed concerns about ICS (table 4) . This was mainly due to the large majority of parents expressing the view that giving ICS to their child would benefit his/her health, even when they had concerns about the use of ICS. The results from other questionnaires were consistent with this finding (see online depository for details). For example, only three parents responded negatively to the TSQM question "Overall, how confident are you that taking this medication is a good thing for your child?". 
DISCUSSION
This study shows that high adherence to daily maintenance treatment with ICS along with good asthma control can be achieved in preschool children with asthma and that high adherence is associated with parental beliefs about the necessity of ICS therapy. The median adherence rate in our study remained stable over 3 months of follow-up at 92%, which is considerably higher than in earlier studies (adherence ranging from 44% to 72%, decreasing strongly over time). For example, a recent study showed that adherence to an ICS prescribed after an emergency visit for acute asthma deteriorated from 90% to 50% during the first two weeks after the acute asthma attack. 22 This confirmed earlier population-based observations that most patients with asthma fail to continue ICS use after an initial prescription. 23 Although some large studies showed lower adherence rates for adolescents than for school-and preschool-aged children, age is not consistently related to treatment adherence. 1 Even in pre-adolescent children, adherence to ICS of >75% of prescribed dosages has rarely been described, neither in observational, nor in intervention studies. 14 We emphasize that the very high adherence we observed was not the result of an intervention aimed at improving adherence, but was obtained during routine care in our paediatric asthma outpatient clinic.
The large majority of parents of the preschool children with asthma in our study expressed the belief that ICS therapy for their child's asthma was both useful and necessary (table 4) . This is in contrast with previous studies examining medication beliefs in asthma. Studies in adults with asthma have shown lower BMQ "need" scores and higher "concern" scores. 11, 24 In a study of 622 parents of children with asthma in the USA, concern scores exceeded need scores in 17% of parents, compared to only 4% in our study. 15 Such concerns about the daily use and safety of ICS in children are a major reason for parents to withdraw this medication in their children. 25 Because the distributions of ICS adherence (figure 2) and parental medication perceptions (table 4) were strongly skewed towards high adherence and ICS necessity, with relatively little variance, the power of our study to identify determinants for adherence was lower than expected. This may help to explain why we only identified a few parental perceptions significantly associated with adherence rates, and why these associations were relatively weak (tables 2 and 3). We found a significant association between ICS adherence and asthma control, with poorer asthma control in patients with lower adherence, suggesting that this association does not only play a role at the severe end of the asthma spectrum, but also in patients with relatively well controlled asthma, and that every effort to optimise adherence to ICS maintenance therapy is worthwhile.
It is interesting to explore potential reasons why the parental medication beliefs and the high adherence rates in our study population differed from those previously reported. Selective enrolment of parents with high need and low concern scores should be considered. However, we feel that this is unlikely, because consecutive outpatients at our clinic were approached for the study, the large majority of whom were enrolled ( figure 1) . Furthermore, the high need scores for ICS in this study are in agreement with a previous qualitative study from our clinic, in which parents accepted that their child needed ICS to control asthma, although parents universally expressed reservations about having to give daily medication to their child. Parents whose children were treated in primary care, however, expressed beliefs of the high concern-low need pattern. These findings prompted us to hypothesise that parental medication beliefs can be modified by repeated tailored education and close follow-up in a specialized asthma clinic, resulting in high adherence. 26 The young age of the children in our study may have increased the likelihood of good adherence, because most medication in this age range is given by the parents. However, previous studies have shown poor adherence rates to inhaled medication in young children with asthma, even when parents knew that adherence was being monitored.
14 Therefore, parental awareness of monitoring adherence does not seem a likely cause of the high adherence rates observed. This is supported by the finding that adherence rates did not deteriorate significantly over time in our study. Further follow-up of this cohort will allow us to examine whether the high adherence rates observed can be maintained over longer periods of time. It should also be noted that access to health care and ICS medication is available to all Dutch citizens, because health insurance is mandatory in the Netherlands. Studies in urban US populations have shown that poor insurance and financial issues may play a major role in poor adherence in such populations. 1, 6 Although it is conceivable that excellent insurance coverage may have improved adherence in our study, poor adherence has been shown in earlier Dutch studies of asthmatic children, suggesting that this is not a major determinant. 4, 26 In the absence of other logical explanations for the high adherence and constructive parental medication beliefs observed, we hypothesise that the organisation of our asthma care may be a contributing factor. The fact that our clinic is run by paediatric asthma specialists may be of importance in that respect. Previous studies have shown superior asthma control, better lung function and higher adherence to treatment and self-management plans when asthma care was provided by specialist physicians (paediatric allergists or paediatric pulmonologists, depending on country and setting) compared by general paediatricians or family physicians. 3, 27, 28 A recent systematic review showed that more intensive follow-up, with multiple educational sessions using combinations of instructional modalities, was associated with higher adherence and improved outcomes for children with asthma. 3 In our clinic, such a comprehensive asthma management consists of frequent follow-up visits to both asthma specialist physicians and dedicated asthma nurses, providing repeated tailored education to parents and patients, and extensively training and checking correct inhalation technique. 16 In earlier studies, we reported the added value of easy accessibility of asthma nurses which was highly appreciated by parents of children with asthma. 26, 29 This was recently confirmed in a study from a referral centre for children with difficult-to-treat asthma, where the important role of nurse-led home visits to address parental perceptions, contextual and psychosocial issues was highlighted. 30 Taken together, these results suggest that intensive multi-disciplinary education about self-management, along with close follow-up in a specialised clinic setting, helps to improve adherence to ICS in children with asthma, with parental perceptions about medication being an important mediator. It should be stressed, however, that a causal relationship between our model of care and the high adherence we observed cannot be established based on our data because this was an observational study. Ideally, a randomized controlled trial should be performed to test the hypothesis that comprehensive asthma management and close follow-up, as described, leads to high adherence to maintenance medication. However, it has been argued that randomized trials on the effects of complex interventions, such as our model of asthma management, are fraught with difficulties. 16 A prospective study in which both adherence and parental perceptions about medicines are followed-up over longer periods of time from the time of referral to a specialised asthma clinic would also be worthwhile.
Strengths and limitations
The main strengths of our study include the objective, validated, quantitative assessment of adherence over a considerable period of time, and the extensive characterization of patients' and parents' characteristics using validated methodology. The real-life setting avoids any adherence-improving effects of clinical trial interventions, other than the potential adherence-improving effect of participating in a study. This effect is an unavoidable drawback of electronic adherence monitoring. The most important limitation of our study lies in its generalisability. We limited our study to 3 month adherence in children aged 2-6 yrs in a specialised asthma clinic. Further follow-up of this cohort and additional studies in other settings are needed to substantiate our observation that high adherence combined with well-controlled asthma is possible in other patient groups. Recent studies from other groups support the idea that more intensive asthma care enhancing patient-provider partnership improves adherence and asthma control, and decreases hospitalisation rates and asthma expenditures.
7,28
Conclusions This study shows very high 3-month adherence rates to ICS maintenance treatment in children aged 2-6 yrs with asthma. This high adherence was associated with improved asthma control, and with parental medication perceptions, which are in agreement with the chronic illness model of asthma. We hypothesise that this desirable combination of high adherence and constructive parental medication beliefs can be ascribed to the organisation and content of asthma care, with repeated tailored self-management training and close follow-up, which helps to build and maintain a strong partnership between patients/parents and the medical team. 2 Further studies are needed to examine the relationship of such guideline-driven comprehensive asthma treatment and high adherence.
